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(57) In a transmission power control method of the 
present invention, a value of a received signal quality 
parameter of a received multicast signal is measured 
A parameter signal, indicating the received signal qual- 
ity parameter value, is transmitted from a plurality of mo- 
bile stations to a base station through a radio link The 
parameter signals from the mobile stations are received 



at the base station through the radio link. A power con- 
trol value of each of the mobile stations is determined 
based on the received signal quality parameter values 
of the received parameter signals. The transmission 
power of the multicast signal, sent to each of the mobile 
stations, is controlled based on the determined power 
control value. 
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Description 




1 . Field of The Invention 

[0001] The present invention relates to a multicast 
Sgna. transmission power control method ha controls 
a transmission power of a multicast s.gnal that is trans 
m S by a base station to a plurality of mobile stations 
Tough a radio .ink. Further, the present -nvent^e- 
lates to a base station that uses the transmiss.on power 
control method for the transmission of the multicast s.g- 

nal. 



2. Description of The Related Art 

100021 Transmission of a multicast signal across a 
mobS radio link is known. In such multicast commun, 
catons. a multicast signal is simultaneously transmuted 
from a base station to each of a plurality of specked 
mobilestations. Such multicast signals sent by the base 
Nation contain identical messages and different dest. 
35, and the identical message is delivered to each 
oUhe mobi.e stations specified as the dest.nat.on sta- 

S^Vrrshows a conventional multicast signal 
Lommunication system. In the communion system 
shown in FIG. 8, a base station 1 is proved and this 
base station 1 transmits a multicast s.gnal 4. A pluralrty 
of mobile stations 5 are provided in the commun^ 
svstem and each mobile station 5 rece.vesthemult.cast 
2mJ4 from the base station 1 . Forthe sake of s.mpl.c- 
fty ofdescription, only one mobile station 5 is shown m 
FIG 8 and the remaining mobile stations 5, wh.ch re- 
ceive the multicast signal 4, are omfled 
[00041 In the base station 1 , the onginal message ^o 
She multicast signal 4 is supplied from an .nput term.na 
2 and it s input to a transmitter (TX) 3. In the transfer 
3, the carriefwave is modulated in accordance wrththe 
original message from the inputterm.nal J ^ndthemuV- 
ticast siqnal 4 is produced. After the modulation is per 
Sea the transmitter 3 transmfrs the multicast signal 
4 Tone of the mobi.e stations 5 based on a predeter- 

s™trrbL o :i r ,on 5 ( « o ne - *. rr 

station 1 is received at a rece.ver (RX) 6 After he de- 
modulation of the received multicast sign* Ms pe 
formed, the receiver 6 supplies the demodulated mult. 
caTsigna. to an output terminal 7, and t is ou*ut from 
the output terminal 7 to internal units of the mob.le sta- 

loooe'] in the communication system of FIG. 8. the 
Le station 1 is not provided with a rn^ « 
controls the transmission power of the base station 1 
used to transmit the multicast signal 4 to the , r^b..e sta^ 
tion 5. such that the transmission power .s suited to the 



received signal quality (or the grade of service) of the 
mot'e station 5 It is difficult for the base station 1 to 
effectively reduce the transmission power of the base 

^ einnal to the mobile stations so as to be in contommy 
Z the reXd signal qua.Ky required for the mob.le 
stations which receive the multicast signal. 

teTaroer than the marginal transmission power needed 
,5 I Ssmit the multicast signal from the ba* h«h jl 
to the mobile stations. The base station 1 must a ways 
useth^Pr^termined transmission P°*ertham larger 
*i the smallest possible transmission power, because 
Te btse smtion 1 includes no transmission powercon- 

20 SSTSSL. when the mobile stations dense* 
Et locations near the base station 1 , the ^deter- 
mined transmission power of the base Bttonlb. 
Tomes excessively large. This will cause the nterfer- 
25 enTe of the transmission power of the base sUtion ^ 
tne receiver mobile stations which 
signal with that for the non-receiver mob.le sta ,ons 
«nich do not receive the multicast signal. It is dM fo 
The conventional multicast signal communication sys- 
3 o em ^provide efficient use of the transmission powe 
of the base station for the transm.ss.on of the multicast 
signal to the mobile stations. 



o, mu.marv OF THE INVENTION 



35 



[0009] It is an object of the present inventior . to | pro- 
tide an improved multicast signal transm.ss.on power 
contro- method in which the above-described prob.ems 

4 o WOlT AtLr object of the present invention is to 

40 £ov5e a multicast signa. transmission 
method that can effectively reduce ; *e 
oower of the base station to transmrt the multicast s.gna. 
to me mobile stations without changing the received s.g- 

4, na quS of the mobi.e stations which receive the mu, 
ticast Sna. and without causing the interference of the 
UansmSsionpowerofthebasestationtothemobilesta- 

ons which do not receive the multicast s.gna 
moilT Another object of the present inventior , . ^ to 
so provide a base station that can effectively reduce the 
transmission power of the base station to transmit the 

to the mobile stations without changing 
Z S ve" signal quality of the mobi.e stations wh,ch 
receive the mutticast signal and without causing the n- 
55 Sence of the transmission power of the base stat»n 
to the mobile stations which do not receive the multicast 

[0012] The above-mentioned objects of the present 
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invention are achieved by a method of controlling a 
transmission power of a multicast signal that is transmit- 
ted from a base station to a plurality of mobile stations 
through a radio link, the method comprising the steps 
of: measuring a value of a. received signal quality pa- 
rameter of a multicast signal received at the mobile sta- 
tions; transmitting a parameter signal, indicating the re- 
ceived signal quality parameter value, from the mobile 
stations to the base station through the radio link; re- 
ceiving the parameter signals from the mobile stations 
at the base station through the radio link; determining a 
power control value of each of the mobile stations based 
on the received signal quality parameter values of the 
parameter signals received at the base station; and con- 
trolling the transmission power of the multicast signal, 
sent to each of the mobile stations, based on the deter- 
mined power control value. 

[0013] The above-mentioned objects of the present 
invention are achieved by a base station which controls 
a transmission power of a multicast signal that is trans- 
mitted to a plurality of mobile stations through a radio 
link, the base station comprising: a receiver which re- 
ceives parameter signals from the mobile stations 
through the radio link, each parameter signal indicating 
a value of a received signal quality parameter of the mul- 
ticast signal received at one of the mobile station; a de- 
termination unit which determines a power control value 
of each of the mobile stations based on the received sig- 
nal quality parameter values of the parameter signals 
received by the receiver; and a transmission power con- 
troller which controls the transmission power of the mul- 
ticast signal, sent to each of the mobile stations, based 
on the determined power control value. 
[0014] The above-mentioned objects of the present 
invention are achieved by a method of controlling a 
transmission power of a multicast signal that is transmit- 
ted from a base station to a plurality of mobile stations 
through a radio link, the comprising the steps of: trans- 
mitting the multicast signal to the mobile stations 
through the radio link; receiving an automatic repeat re- 
quest ARQ signal from each of the mobile stations at 
the base station through the radio link, wherein each of 
the mobile stations transmits the ARQ signal to the base 
station when an error in demodulation of a received mul- 
ticast signal occurs; detecting whether at least one of a 
plurality of ARQ signals from the mobile stations is re- 
ceived at the base station; outputting a power control 
signal indicating a result of the ARQ-signal detection; 
and controlling the transmission power of the multicast 
signal, sent to each of the mobile stations, based on the 
ARQ-signal detection result indicated by the power con- 
trol signal. 

[0015] The above-mentioned objects of the present 
invention are achieved by a base station which controls 
a transmission power of a multicast signal that is trans- 
mitted to a plurality of mobile stations through a radio 
link, the base station comprising: a transmitter which 
transmits the multicast signal to the mobile stations 



through the radio link; a receiver which receives an au- 
tomatic repeat request ARQ signal from each of the mo- 
bile stations through the radio link, wherein each of the 
mobile stations transmits the ARQ signal to the base 
5 station when an error in demodulation of a received mul- 
ticast signal occurs; a signal counter unit which detects 
whether at least one of a plurality of ARQ signals from 
the mobile stations is received by the receiver, and out- 
puts a power control signal indicating a result of the 

io ARQ-signal detection; and a transmission power con- 
troller which controls the transmission power of the mul- 
ticast signal, sent to each of the mobile stations, based 
on the ARQ-signal detection result indicated by the pow- 
er control signal of the signal counter unit. 

is [0016] In the multicast signal transmission powercon- 
trol method and the base station of the present inven- 
tion, the parameter signals from the mobile stations are 
received at the base station through the radio link, each 
parameter signal indicating a value of the received sig- 

20 nal quality parameter of the received multicast signal. A 
power control value of each of the mobile stations is de- 
termined based on the received signal quality parameter 
values of the received parameter signals. The transmis- 
sion power of the multicast signal, sent to each of the 

25 mobile stations, is controlled based on the determined 
power control value. The multicast signal transmission 
power control method of the present invention is effec- 
tive in reducing the transmission power of the base sta- 
tion to transmit the multicast signal to the mobile stations 

30 without changing the received signal quality of the mo- 
bile stations which receive the multicast signal and with- 
out causing the interference of the transmission power 
of the base station to the mobile stations which do not 
receive the multicast signal. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Other objects, features and advantages of the 
present invention will become apparent from thefollow- 
40 ing detailed description when read in conjunction with 
the accompanying drawings. 

[0018] FIG. 1 is a block diagram of a first preferred 
embodiment of the multicast signal transmission system 
of the invention. 
45 [0019] FIG. 2 is a block diagram of a second preferred 
embodiment of the multicast signal transmission system 
of the invention. 

[0020] FIG. 3A, FIG. 3B and FIG. 3C are diagrams for 
explaining operations of the multicast signal transmis- 
50 sion system of the second preferred embodiment. 

[0021] FIG. 4 is a block diagram of a third preferred 
embodiment of the multicast signal transmission system 
of the invention. 

[0022] FIG. 5 is a block diagram of a fourth preferred 
55 embodiment of the mu Iticast signal transmission system 
of the invention. 

[0023] FIG. 6 is a timing chart for explaining opera- 
tions of the multicast signal transmission system of the 
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fourth preferred embodiment. 

[0024] FIG. 7 is a block diagram of a fifth preferred 
embodiment of the multicast signal transmission system 
of the invention. 

[0025] FIG. 8 is a block diagram of a conventional 
multicast signal communication system. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] A description will now be provided of preferred 
embodiments of the present invention with reference to 
the accompanying drawings. 

[0027] FIG. 1 shows a first preferred embodiment of 
a multicast signal transmission system in which the 
transmission power control method of the invention is 
embodied. 

[0028] In FIG. 1 , the elements that are essentially the 
same as corresponding elements in FIG. 8 are desig- 
nated by the same reference numerals, and a descrip- 
tion thereof will be omitted. 

[0029] According to the transmission power control 
method of the invention, each of a plurality of mobile 
stations (MS) measures a value of a received signal 
quality (or the grade of service) parameter of a received 
multicast signal, which is received from a base station 
(BS) via a radio link. Suppose that a specific one of the 
grades of service is assigned, in advance, for each of 
the plurality of mobile stations. 

[0030] In the present embodiment, a reception power 
of a received multicast signal is measured by each of 
the mobile stations as being the received signal quality 
parameter value that is the base to determine a power 
control value of each mobile station, and atransmission 
power of the multicast signal of the base station with 
respect to each mobile station is controlled based on the 
power control value. 

[0031] As shown in FIG. 1, in the multicast signal 
transmission system of the present embodiment, a base 
station 11 is provided, and the base station 11 transmits 
a multicast signal 4 to a plurality of mobile stations 21 
through a mobile radio link. The plurality of mobile sta- 
tions 21 are provided in the multicast signal transmis- 
sion system, and each mobile station 21 receives the 
multicast signal 4 from the base station 11 . 
[0032] For the sake of simplicity of description, only 
one mobile station 21 is shown in FIG. 1, and the re- 
maining mobile stations 21 , which receive the multicast 
signal 4 from the base station 11 , are omitted. 
[0033] In the base station 11 shown in FIG. 1, a re- 
ceiver (RX) 12, atransmission power determination unit 
(T/P DETERMIN) 1 6, the transmitter (TX) 3, and a trans- 
mission power controller 17 are provided. In the deter- 
mination unit 16, a memory 13, a comparator 1 4, and a 
reference reception power value (Cref) 1 5 are provided. 
As described later, the transmission power controller 1 7 
controls a transmission power of the multicast signal 4, 
sent to each of the mobile stations 21 , based on a power 
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control value indicated by an output signal of the deter- 
mination unit 16. 

[0034] In the base station 1 1 , an original message of 
the multicast signal 4 is supplied from the input terminal 

5 2, and it is input to the transmitter (TX) 3. In the trans- 
mitter 3, the carrier wave is modulated in accordance 
with the original message from the input terminal 2, so 
that the multicast signal 4 is produced. In the transmis- 
sion power controller 17, the transmission power of the 

10 multicast signal 4, sent to each of the mobile stations 
21 , is controlled based on the power control value indi- 
cated by the output signal of the determination unit 16. 
After the modulation is performed, the transmitter 3 
transmits the multicast signal 4 to each of the mobile 

15 stations 21 through the network, based on the controlled 
transmission power of the transmission power controller 
17. 

[0035] In the mobile station 21 , the receiver (RX) 6, a 
received signal quality measurement unit (R/Q MEAS- 

20 URE) 22 and a transmitter (TX) 23 are provided. In the 
present embodiment, the measurement unit 22 is a pow- 
er measuring circuit that measures a reception power of 
the multicast signal 4 received at the mobile station 21 . 
The measurement unit 22 supplies a detection signal, 

25 indicating the reception power of the multicast signal 4 
as the received signal quality parameter value, to the 
transmitter 23. In the transmitter 23, the carrier wave is 
modulated in accordance with the reception power and 
the transmitter 23 transmits a parameter signal, indicat- 

30 ing the reception power as the received signal quality 
parameter value, to the base station 11 through an up- 
link 32 of the radio link. 

[0036] Similar to the communication system of FIG. 
8, in the mobile station 21 shown in FIG. 1 , the multicast 

35 signal 4 from the base station 11 is received at the re- 
ceiver (RX) 6. After the demodulation of the received 
multicast signal is performed, the receiver 6 supplies the 
demodulated multicast signal to the output terminal 7, 
and it is supplied from the output terminal 7 to internal 

40 units of the mobile station 21 . 

[0037] In the multicast signal transmission system of 
FIG. 1 , the measurement unit 22 measures a reception 
power of the multicast signal 4 received at the mobile 
station 21 . More specifically, the measurement unit 22 

45 measures the reception power of the received multicast 
signal 4 at a suitable timing that is suited to the signal 
structure of the multicast signal 4. For example, if the 
multicast signal 4 is provided in the form of slots, the 
detection of the reception power is performed by the 

so measurement unit 22 at the suitable timing on a slot ba- 
sis. If the multicast signal 4 is provided in the form of 
blocks, the detection of the reception power is per- 
formed by the measurement unit 22 at the suitable tim- 
ing on a block basis. If the multicast signal 4 is provided 

55 in the form of frames, the detection of the reception pow- 
er is performed by the measurement unit 22 at the suit- 
able timing on a frame basis. 

[0038] The measurement unit 22 supplies the detec- 
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tion signal, indicating the reception power of the mufti- 
cast signal 4 as the received signal quality parameter 
value, to the transmitter 23. In the transmitter 23, the 
carrier wave is modulated in accordance with the recep- 
tion power, and the transmitter 23 transmits the param- 
eter signal, indicating the reception power as the re- 
ceived signal quality parameter value, to the base sta- 
tion 11 through the uplink 32 of the radio link. The uplink 
32 may be a channel of the radio link used for random 
access. 

[0039] In the base station 11 of the multicast signal 
transmission system of FIG. 1 , the receiver 12 receives 
the parameter signals from the plurality of mobile sta- 
tions 21 through the uplink 32 of the radio link. After the 
demodulation of the received parameter signals is per- 
formed, the receiver 12 supplies the parameter signals 
related to the mobile stations 21 to the received signal 
quality determination unit 16, and they are temporarily 
stored into the memory 13. As described above, each 
of the parameter signals, received from the mobile sta- 
tions 21 and stored into the memory 13, indicates the 
reception power as the received signal quality parame- 
ter value. 

[0040] In the base station 11 of the present embodi- 
ment, the determination unit 16 determines a minimum 
value (Cmin) of the received signal quality parameter 
values (or the multicast-signal reception powers of the 
mobile stations 21) of the parameter signals, stored in 
the memory 13, as the power control value. The mini- 
mum value (Cmin) of the multicast-signal reception 
powers of the mobile stations 21 is supplied to one of 
two inputs of the comparator 14. The reference recep- 
tion power value (Cref) 1 5 is always supplied to the other 
input of the comparator 14. In the comparator 14, the 
minimum value (Cmin) is compared with the reference 
reception power value (Cref). The comparator 14 sup- 
plies a signal, indicating the difference (Cref - Cmin) be- 
tween the reference reception power value (Cref) and 
the minimum value (Cmin), from the output of the com- 
parator 14 to the transmission power controller 17 as 
the power control value. 

[0041] In the base station 11 of the present embodi- 
ment, the transmission power controller 1 7 controls the 
transmission power of the multicast signal 4 based on 
the power control value (or the reception power differ- 
ence (Cref - Cmin)) indicated by the output signal of the 
comparator 14. The above-described control procedure 
is repeatedly performed by the multicast signal trans- 
mission system of the present embodiment during the 
transmission of the multicast signal 4. 
[0042] For example, in the base station 11 of the 
present embodiment, when Cmin = 5 dBm and Cref = 0 
dBm, the reception power difference (Cref - Cmin) is 
equal to - 5dBm, and the current transmission power of 
the multicast signal 4 is decreased by the controller 17 
by 5 dBm. When Cmin = -5 dBm and Cref = 0 dBm, the 
reception power difference (Cref - Cmin) is equal to 5 
dBm, and the current transmission power of the multi- 



cast signal 4 is increased by the controller 1 7 by 5 dBm. 
[0043] As described above, in the base station 1 1 of 
the present embodiment, the transmitter 3 transmits the 
multicast signal 4 to each of the mobile stations 21 

5 through the network, based oh the transmission power 
that is properly controlled by the transmission power 
controller 1 7. Therefore, the multicast signal transmis- 
sion power control method of the present embodiment 
is effective in reducing the transmission power of the 

10 base station 1 1 to transmit the multicast signal to the 
mobile stations 21 without changing the grades of serv- 
ice of the mobile stations 21 which receive the multicast 
signal and without causing the interference of the trans- 
mission power of the base station 11 to the mobile sta- 

15 tions 21 which do not receive the multicast signal. In the 
present embodiment, the transmission power of the 
multicast signal 4 is controlled by the transmission pow- 
er controller 17 such that it is suited to the minimum val- 
ue of the received signal quality parameter values re- 

20 ceived from the respective mobile stations 21 . 

[0044] FIG. 2 shows a second preferred embodiment 
of the multicast signal transmission system in which the 
transmission power control method of the invention is 
embodied. 

25 [0045] In FIG. 2, the elements that are essentially the 
same as corresponding elements in FIG. 1 are desig- 
nated by the same reference numerals, and a descrip- 
tion thereof will be omitted. 

[0046] As described above, according to the trans- 
30 mission power control method of the invention, each of 
the plurality of mobile stations measures a value of the 
received signal quality parameter of the multicast signal, 
which is received from the base station. 
[0047] In the present embodiment, each of the mobile 
35 stations measures a difference between a measured 
carrier-to-cochannel interference (C/l) ratio (R) and a 
reference C/l ratio (Rref) of the received multicast signal 
as being the received signal quality parameter value that 
is the base to determine a power control value of each 
40 mobile station, and the transmission power of the mul- 
ticast signal of the base station with respect to each mo- 
bile station is controlled based on the power control val- 
ue. 

[0048] As shown in FIG. 2, in the multicast signal 
45 transmission system of the present embodiment, a base 
station 31 is provided, and the base station 31 transmits 
the multicast signal 4 to a plurality of mobile stations 41 
through a mobile radio link. The plurality of mobile sta- 
tions 41 are provided in the multicast signal transmis- 
50 sion system, and each mobile station 41 receives the 
multicast signal 4 from the base station 31 . 
[0049] For the sake of simplicity of description, only 
one mobile station 41 is shown in FIG. 2, and the re- 
maining mobile stations 41 , which receive the multicast 
55 signal 4 from the base station 31 , are omitted. 

[0050] In the base station 31 shown in FIG. 2, the re- 
ceiver (RX) 1 2, the received signal quality determination 
unit (T/P DETERMIN) 16, the transmitter (TX) 3, and the 
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transmission power controller 1 7 are provided. In the de- 
termination unit 16, the memory 13 is provided. As de- 
scribed later, the transmission power controller 1 7 con- 
trols the transmission power of the multicast signal 4, 
sent to each of the mobile stations 41 , based on the pow- 
er control value indicated by an output signal of the de- 
termination unit 16. 

[0051 1 In the mobile station 41 of the present embod- 
iment, the receiver (RX) 6, a carrier-to-cochannel inter- 
ference (C/l) ratio measurement unit (C/l DETECT) 42, 
a comparator (COMP) 43 s a reference C/l ratio value 
(Rref) 44, and the transmitter (TX) 23 are provided. In 
the present embodiment, the measurement unit 42 is a 
C/l ratio detector circuit that measures a C/l ratio (R) of 
the multicast signal 4 received at the mobile station 41 . 
The measurement unit 42 supplies a detection signal 
46, indicating the C/l ratio of the multicast signal 4, to 
the comparator 43 as the received signal quality param- 
eter value. In the comparator 43, the C/l ratio (R) is com- 
pared with the reference C/l ratio value (Rref) 44. The 
comparator 43 outputs a signal, indicating a difference 
between the reference C/l ratio (Rref) 44 and the meas- 
ured C/l ratio (R), to the transmitter 23. 
[0052] In the transmitter 23. the carrier wave is mod- 
ulated in accordance with the C/l ratio difference, and 
the transmitter 23 transmits a parameter signal, indicat- 
ing the C/l ratio difference (Rref - R) as the received sig- 
nal quality parameter value, to the base station 31 
through the uplink 32 of the radio link. 
[0053] Similar to the communication system of FIG. 
8, in the mobile station 41 shown in FIG. 2, the multicast 
signal 4 from the base station 31 is received at the re- 
ceiver (RX) 6. After the demodulation of the received 
multicast signal is performed, the receiver 6 supplies the 
demodulated multicast signal to the output terminal 7, 
and it is supplied from the output terminal 7 to internal 
units of the mobile station 41 . 

[0054] In the multicast signal transmission system of 
FIG. 2, the measurement unit 42 measures a C/l ratio 
of the multicast signal 4 received at the mobile station 
41. More specifically, the measurement unit 42 meas- 
ures the C/l ratio of the received multicast signal 4 at a 
suitable timing that is suited to the structure of the mul- 
ticast signal 4. The timing of the detection of the C/l ratio 
is the same as that in the previous embodiment of FIG. 
1. 

[0055] The measurement unit 42 supplies the signal 
46, indicating the C/l ratio of the multicast signal 4 as 
the received signal quality parameter value, to one of 
two inputs of the comparator 43. The reference C/l ratio 
(Rref) 44 is always supplied to the other input of the com- 
parator 43. The comparator 43 supplies the signal, indi- 
cating the C/l ratio difference (Rref - R), to the transmit- 
ter 23. 

[0056] In the transmitter 23, the carrier wave is mod- 
ulated in accordance with the C/l ratio difference (Rref 
- R). After the modulation is performed, the transmitter 
23 transmits the parameter signal, indicating the C/l ra- 



tio difference as the received signal quality parameter 
value, to the base station 31 through the uplink 32 of the 
radio link. The uplink 32 may be a channel of the radio 
link used for random access. 
> [0057] In the base station 31 of the multicast signal 
transmission system of FIG. 2, the receiver 12 receives 
the parameter signals from the plurality of mobile sta- 
tions 41 through the uplink 32 of the radio link. After the 
demodulation of the received parameter signals is per- 
o formed : the receiver 1 2 supplies the parameter signals 
related to the mobile stations 41 to the received signal 
quality determination unit 16, and they are temporarily 
stored into the memory 13. As described above, each 
of the parameter signals, received from the mobile sta- 
rs tions 41 and stored into the memory 13, indicates the 
C/l ratio difference as the received signal quality param- 
eter value. 

[0058] In the base station 31 of the present embodi- 
ment, the determination unit 16 rearranges the received 

20 signal quality parameter values (the C/l ratio differenc- 
es), which are stored in the memory 1 3, into a sequence 
of the parameter values in a predetermined order. The 
determination unit 16 determines one of the parameter 
values in the rearranged sequence that corresponds to 

25 a predetermined ratio of the entire mobile stations 41 , 
as the power control value. 

[0059] FIG.3A, FIG. 3B and FIG. 3C show operations 
of the determination unit 1 6 in the multicast signal trans- 
mission system of the present embodiment. 

30 [0060] In the present embodiment, the received signal 
quality parameter values (T/P PARA) of the mobile sta- 
tions ("A" through U E U ) are stored into the memory 1 3 in 
the order of reception of each parameter signal as 
shown in FIG. 3A. The received signal quality parameter 

35 values (or the C/l ratio differences of the mobile stations) 
are rearranged into a sequence of the parameter values 
in a predetermined order (e.g., in a descending order of 
each C/l ratio difference) as shown in FIG. 3B. As shown 
in FIG. 3C, one of the parameter values in the rear- 

40 ranged sequence that corresponds to a predetermined 
ratio (e.g. , 80 %) of the entire mobile stations "A" through 
M E B is determined by the determination unit 16 of the 
base station 31 as the power control value. 
[0061] The parameter value, which is determined 

45 from among the parameter values of the mobile stations 
41 as the power control value, is supplied from the de- 
termination unit 16 to the transmission power controller 
17 as the power control value. In the example of FIG. 
3C, the parameter value that corresponding to the mo- 

50 bile station "B" (80% of the five mobile stations) is + 8 
dB, and the determination unit 16 outputs the signal, in- 
dicating + 8 dB as the power control value, to the trans- 
mission power controller 17. 

[0062] In the base station 31 of the present embodi- 
55 ment, the transmission power controller 1 7 controls the 
transmission power of the multicast signal 4 based on 
the power control value (or the determined parameter 
value) indicated by the output signal of the determina- 
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tion unit 16. The above-described control procedure is 
repeatedly performed by the multicast signal transmis- 
sion system of the present embodiment during the trans- 
mission of the multicast signal 4. 
[0063] For example, in the base station 31 of the 
present embodiment, when the power control value is 
equal to +8 dB, the current transmission power of the 
multicast signal 4 is changed to + 8 dB by the transmis- 
sion power controller 17. 

[0064] As described above, in the base station 31 of 
the present embodiment, the transmitters transmits the 
multicast signal 4 to each of the mobile stations 41 
through the network : based on the transmission power 
that is properly controlled by the transmission power 
controller 17. Therefore, the multicast signal transmis- 
sion power control method of the present embodiment 
is effective in reducing the transmission power of the 
base station 31 to transmit the multicast signal to the 
mobile stations 41 without changing the grades of serv- 
ice of the mobile stations 41 which receive the multicast 
signal and without causing the interference of the trans- 
mission power of the base station 31 to the mobile sta- 
tions 41 which do not receive the multicast signal. In the 
present embodiment, the transmission power of the 
multicast signal 4 is controlled by the transmission pow- 
er controller 1 7 such that it is suited to one of the pa- 
rameter values in the rearranged sequence that corre- 
sponds to a predetermined ratio of the entire mobile sta- 
tions 41. 

[0065] FIG. 4 shows a third preferred embodiment of 
'the multicast signal transmission system in which the 
transmission power control method of the invention is 
embodied. 

[0066] In FIG. 4, the elements that are essentially the 
same as corresponding elements in FIG. 1 are desig- 
nated by the same reference numerals, and a descrip- 
tion thereof will be omitted. 

[0067] In the present embodiment, each of the mobile 
stations measures an error ratio (E/R) of the received 
multicast signal to a given bit pattern as being the re- 
ceived signal quality parameter value that is the base to 
determine a power control value of each mobile station, 
and the transmission power of the multicast signal of the 
base station with respect to each mobile station is con- 
trolled based on the power control value. 
[0068] As shown in FIG. 4, in the multicast signal 
transmission system of the present embodiment, a base 
station 51 is provided, and the base station 51 transmits 
the multicast signal 4 to a plurality of mobile stations 61 
through the mobile radio link. The plurality of mobile sta- 
tions 61 are provided in the multicast signal transmis- 
sion system, and each mobile station 61 receives the 
multicast signal 4 from the base station 51 . 
[0069] For the sake of simplicity of description, only 
one mobile station 61 is shown in FIG. 4, and the re- 
maining mobile stations 61 , which receive the multicast 
signal 4 from the base station 51 , are omitted. 
[0070] In the base station 51 shown in FIG. 4, the re- 



ceiver (RX) 1 2, the received signal quality determination 
unit (T/P DETERMIN) 16, the transmitter (TX) 3, and the 
transmission power controller 1 7 are provided. In the de- 
termination unit 1 6, the memory 1 3 and a power-to-error 

5 ratio map (PWR-TO-E/R MAP) 52 are provided. The 
power-to-error ratio map 52 provides a relationship be- 
tween the transmission power and the error ratio for the 
determination unit 16. As described later, the determi- 
nation unit 1 6 determines a power control value of each 

10 mobile station based on the output of the map 52 in re- 
sponse to the parameter signal received from the mobile 
station. The transmission power controller 17 controls 
the transmission power of the multicast signal 4, sent to 
each of the mobile stations 61 , based on the power con- 

15 trol value indicated by the output signal of the determi- 
nation unit 16. 

[0071 ] In the base station 51 , the original message of 
the multicast signal 4 is supplied from the input terminal 
2, and it is input to the transmitter (TX) 3. In the trans- 

20 mitter 3, the carrier wave is modulated in accordance 
with the original message from the input terminal 2, so 
that the multicast signal 4 is produced. In the transmis- 
sion power controller 17, the transmission power of the 
multicast signal 4, sent to each of the mobile stations 

25 61 , is controlled based on the power control value indi- 
cated by the output signal of the determination unit 16. 
After the modulation is performed, the transmitter 3 
transmits the multicast signal 4 to each of the mobile 
stations61 through the network, based on the controlled 

30 transmission power of the transmission power controller 
17. 

[0072] In the mobile station 61 , the receiver (RX) 6, 
an error ratio measurement unit (E/R DETECT) 62 and 
the transmitter (TX) 23 are provided. In the present em- 

35 bodiment, the measurement unit 62 is an error ratio de- 
tector circuit that measures an error ratio of the received 
multicast signal 4 to the given bit pattern. The measure- 
ment unit 62 supplies a detection signal, indicating the 
error ratio of the multicast signal 4 as the received signal 

40 quality parameter value, to the transmitter 23. In the 
transmitter 23, the carrier wave is modulated in accord- 
ance with the error ratio, and the transmitter 23 transmits 
a parameter signal, indicating the error ratio as the re- 
ceived signal quality parameter value of the mobile sta- 

45 tion 61 , to the base station 51 through the uplink 32 of 
the radio link. 

[0073] Similar to the communication system of FIG. 
8, in the mobile station 61 shown in FIG. 4, the multicast 
signal 4 from the base station 51 is received at the re- 

so ceiver (RX) 6. After the demodulation of the received 
multicast signal is performed, the receiver 6 supplies the 
demodulated multicast signal to the output terminal 7, 
and it is supplied from the output terminal 7 to internal 
units of the mobile station 61 . 

55 [0074] In the base station 51 of the multicast signal 
transmission system of FIG. 4, the receiver 12 receives 
the parameter signals from the plurality of mobile sta- 
tions 61 through the uplink 32 of the radio link. After the 
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demodulation of the received parameter signals is per- 
formed, the receiver 12 supplies the parameter signals 
related to the mobile stations 61 to the received signal 
quality determination unit 16, and they are temporarily 
stored into the memory 13. As described above, each 
of the parameter signals, which are demodulated by the 
receiver 1 2 and stored into the memory 1 3, indicates the 
error ratio as the received signal quality parameter value 
of the related mobile station 61 . 
[0075] In the base station 51 of the present embodi- 
ment, the determination unit 16 selects a maximum val- 
ue of the received signal quality parameter values (or 
the multicast-signal error ratios of the mobile stations 
61) of the parameter signals, stored in the memory 13. 
The maximum value of the multicast-signal error ratios 
of the mobile stations 61 is supplied to the power-to- 
error ratio map 52. In response, the determination unit 
1 6 receives a power value of the map 52 corresponding 
to the selected maximum error ratio, and determines the 
corresponding power value as being the power control 
value. The determination unit 16 outputs a signal, indi- 
cating the corresponding power value, to the transmis- 
sion power controller 17 as the power control value. 
[0076] In the base station 51 of the present embodi- 
ment, the transmission power controller 1 7 controls the 
transmission power of the multicast signal 4 based on 
the power control value (orthecorresponding powerval- 
ue of the map 52 for the selected maximum error ratio) 
indicated by the output signal of the determination unit 
1 6. The above-described control procedure is repeated- 
ly performed by the multicast signal transmission sys- 
tem of the present embodiment during the transmission 
of the multicast signal 4. 

[0077] As described above, in the base station 51 of 
the present embodiment, the transmitter 3 transmits the 
multicast signal 4 to each of the mobile stations 61 
through the network, based on the transmission power 
that is properly controlled by the transmission power 
controller 17. Therefore, the multicast signal transmis- 
sion power control method of the present embodiment 
is effective in reducing the transmission power of the 
base station 51 to transmit the multicast signal to the 
mobile stations 61 without changing the grades of serv- 
ice of the mobile stations 61 which receive the multicast 
signal and without causing the interference of the trans- 
mission power of the base station 51 to the mobile sta- 
tions 61 which do not receive the multicast signal. In the 
present embodiment, the transmission power of the 
multicast signal 4 is controlled by the transmission pow- 
er controller 17 such that it is suited to the maximum 
error ratio among the multicast-signal error ratios of the 
mobile stations 61. 

[0078] In the multicast signal transmission system of 
the above-described embodiment, each of the mobile 
stations measures an error ratio of the received multi- 
cast signal to a given bit pattern as being the received 
signal quality parameter value that is the base to deter- 
mine a power control value of each mobile station. The 



transmission power control method of the invention is 
not limited to this embodiment. Alternatively, the multi- 
cast signal transmission system of the present invention 
may be configured such that each of the mobile stations 

5 measures one of a bit error ratio, a packet error ratio 
and a slot error ratio of the received multicast signal as 
being the value of the received signal quality parameter. 
Alternatively, the multicast signal transmission system 
of the present invention may be configured such that 

10 each of the mobile stations measures one of an error- 
correction-bit number and a maximum likelihood value, 
obtained by decoding of the received multicast signal, 
as being the value of the received signal quality param- 
eter. 

15 [0079] FIG. 5 shows a fourth preferred embodiment 
of the multicast signal transmission system in which the 
transmission power control method of the invention is 
embodied. 

[0080] In FIG. 5, the elements that are essentially the 
20 same as corresponding elements in FIG. 1 are desig- 
nated by the same reference numerals, and a descrip- 
tion thereof will be omitted. 

[0081] Suppose that, in the present embodiment, the 
multicast signal, which is transmitted from the base sta- 

25 tion (BS) to the plurality of mobile stations (MS) through 
the radio link, is provided in the form of blocks, and the 
transmission of the multicast signal is performed on a 
block basis. Suppose that cyclic redundancy check 
(CRC) codes for error detection of a received multicast 

30 signal are added to each of the multicast signal blocks. 
[0082] In the present embodiment, when an error in 
demodulation of a received multicast signal is detected, 
each of the mobile stations transmits an automatic re- 
peat request (ARQ) signal to the base station, and a 

35 transmission power of the multicast signal of the base 
station with respect to each mobile station is controlled 
based on the ARQ signal received from the mobile sta- 
tion. 

[0083] As shown in FIG. 5, in the multicast signal 

40 transmission system of the present embodiment, a base 
station 71 is provided, and the base station 71 transmits 
the multicast signal 4 to a plurality of mobile stations 81 
through the mobile radio link. The plurality of mobile sta- 
tions 81 are provided in the multicast signal transmis- 

45 sion system, and each mobile station 81 receives the 
multicast signal 4 from the base station 71 . 
[0084] For the sake of simplicity of description, only 
one mobile station 81 is shown in FIG. 5, and the re- 
maining mobile stations 81 , which receive the multicast 

so signal 4 from the base station 71 , are omitted. 

[0085] In the base station 71 shown in FIG. 5, the re- 
ceiver (RX) 12, an ARQ signal counter unit (PC) 73, the 
transmitter (TX) 3, and the transmission power control- 
ler 17 are provided. The signal counter unit 73 counts 

55 the number of ARQ signals received from the receiver 
1 2 . As described later, the transmission power controller 
1 7 controls a transmission power of the multicast signal 
4, sent to each of the mobile stations 81, based on a 
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result of the ARQ-signal detection indicated by an output 
signal of the signal counter unit 73. 
[0086] In the base station 71 , the original message of 
the multicast signal 4 is supplied from the input terminal 
2, and it is input to the transmitter (TX) 3.. In the trans- 
mitter 3, the carrier wave is modulated in accordance 
with the original message from the input terminal 2, so 
that the multicast signal 4 is produced. In the transmis- 
sion power controller 1 7, the transmission power of the 
multicast signal 4, sent to each of the mobile stations 
81 , is controlled based on the power control value indi- 
cated by the output signal of the signal counter unit 73. 
After the modulation is performed, the transmitter 3 
transmits the multicast signal 4 to each of the mobile 
stations 81 through the network, based on the controlled 
transmission power of the transmission power controller 
17. 

[0087] In the mobile station 81, the receiver (RX) 6, 
an error detection/automatic repeat request (ED/ARQ) 
unit 82 and the transmitter (TX) 23 are provided. In the 
present embodiment, the ED/ARQ unit 82 detects 
whether an error in demodulation of the received multi- 
cast signal 4 takes place. The detection of such error in 
the demodulation of the received multicast signal 4 is 
performed by the ED/ARQ unit 82 on a block basis with 
respect to the received multicast signal 4. When an error 
in the demodulation of a certain block of the received 
multicast signal is detected, the ED/ARQ unit 82 sup- 
plies an ARQ signal 84, indicating the occurrence of the 
error, to the transmitter 23. After the modulation of the 
'ARQ signal 84 is performed, the transmitter 23 transmits 
the ARQ signal 84 (e.g., a negative-acknowledge (NAK) 
signal), indicating a request for retransmission of the 
multicast signal to the mobile station 81 , to the base sta- 
tion 71 through the uplink 32 of the radio link. 
[0088] On the other hand, when no error in the de- 
modulation of one block of the received multicast signal 
takes place, the transmitter 23 transmits an acknowl- 
edge (ACK) signal to the base station 71 through the 
uplink 32, which causes the mobile station 81 to be set 
in a waiting condition for receiving a following block of 
the multicast signal 4. 

[0089] Similar to the communication system of FIG. 
8, in the mobile station 81 shown in FIG. 5, the multicast 
signal 4 from the base station 71 is received at the re- 
ceiver (RX) 6. After the demodulation of the received 
multicast signal is performed, the receiver 6 supplies the 
demodulated multicast signal to the output terminal 7, 
and it is supplied from the output terminal 7 to internal 
units of the mobile station 81 . 

[0090] In the base station 71 of the multicast signal 
transmission system of FIG. 5, the receiver 12 receives 
the ARQ signals from the plurality of mobile stations 81 
through the uplink 32 of the radio link. After the demod- 
ulation of the received parameter signals is performed, 
the receiver 12 supplies the ARQ signals of the mobile 
stations 81 to the signal counter unit 73. At the same 
time, the ARQ signals of the mobile stations 81 are sup- 



plied from an output terminal 75 into internal units of the 
base station 71 . When the ARQ signal of one of the mo- 
bile stations 81 is received, the base station 71 transmits 
again the error-detected block of the multicast signal to 

5 the mobile station 81 (this is not shown in FIG. 5). 
[0091] In the base station 71 of the present embodi- 
ment, the signal counter unit 73 temporarily stores the 
ARQ signals sent by the receiver 12, and counts the 
number of the stored ARQ signals at intervals of a pre- 

10 determined time. Suppose that, in the present embodi- 
ment, the predetermined time for counting the number 
of the stored ARQ signals is twice the round-trip delay 
of the multicast signal blocks. 

[0092] In the base station 71 of the multicast signal 
15 transmission system of FIG. 5, when the number of the 
stored ARQ signals, counted by the signal counter unit 
73, is larger than zero, the signal counter unit 73 sup- 
plies a first power control signal to the transmission pow- 
er controller 17 so as to increase the current transmis- 
20 sion power of the multicast signal 4. On the other hand, 
when the number of the stored ARQ signals, counted 
by the signal counter unit 73, is equal to zero, the signal 
counter unit 73 supplies a second power control signal 
to the transmission power controller 17 so as to de- 
^5 crease the current transmission power of the multicast 
signal 4. 

[0093] In the present embodiment, the amount of the 
transmission power that is changed (increased or de- 
creased) from the current transmission power to a new 

30 transmission power is predetermined. 

[0094] In the base station 71 of the present embodi- 
ment, the transmission power controller 17 controls the 
transmission power of the multicast signal 4 based on 
the power control signal sent by the signal counter unit 

35 73. The above-described control procedure is repeated- 
ly performed by the multicast signal transmission sys- 
tem of the present embodiment during the transmission 
of the multicast signal 4. 

[0095] FIG. 6 is a timing chart for explaining opera- 
40 tions of the multicast signal transmission system of the 
fourth preferred embodiment. 

[0096] In FIG. 6, (A) indicates changes of the trans- 
mission power of the multicast signal at the base station 
(BS) with respect to the elapsed time, (B) indicates a 

45 sequence of the multicast signal blocks transmitted by 
the base station (BS) with respect to the elapsed time, 
and (C) indicates a sequence of the multicast signal 
blocks received by the mobile station (MS) with respect 
to the elapsed time. For the sake of simplicity of descrip- 

50 tion, only one mobile station 81 . as shown in FIG. 5, is 
considered. 

[0097] As indicated by (B) in FIG. 6, the sequence of 
the multicast signal blocks is transmitted by the base 
station 71 to the mobile station 81 . Suppose that the cy- 
55 clic redundancy check (CRC) codes for error detection 
of a received multicast signal are added to each of the 
multicast signal blocks. Suppose that the round-trip de- 
lay is equal to a transmission time of two multicast signal 
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blocks. In other words, it is supposed that the timing the 
base station 71 receives an ARQ signal related to the 
multicast signal block "1" from the mobile station 81 pre- 
cedes the start of the transmission of the multicast signal 
block "3". Further suppose that the timing the base sta- 
tion 71 controls the transmission power of the multicast 
signal is twice the round-trip delay of the multicast signal 
blocks, namely, it is equal to a transmission time of four 
multicast signal blocks. 

[0098] As shown in FIG. 6, no ARQ signal related to 
the blocks "1 n and "2" is detected by the base station 71 
prior to the start of the transmission of the blocks "3" and 
"4", and the first transmission power "P1 u is decreased 
to the second transmission power "P2 M at the start of the 
transmission of the block "5". The transmission power 
of the blocks "1" to "4 M is maintained at "PI". 
[0099] After the start of the transmission of the block 
"5 M , no ARQ signal related to the blocks H 5 M and "6 W is 
detected by the base station 71 prior to the start of the 
transmission of the blocks °7" and M 8 M , and the second 
transmission power "P2" is decreased to the third trans- 
mission power "P3" at the start of the transmission of 
the block "9". The transmission power of the multicast 
signal blocks "5" to "8" is maintained at "P2". 
[0100] After the start of the transmission of the block 
M 9", the ARQ signals related to the blocks "9" and "10" 
are detected by the base station 71 prior to the start of 
the transmission of the blocks "11" and ,, 12 H , and the 
third transmission power "P3" is increased to the second 
transmission power "P2" at the start of the transmission 
of the block "11". The transmission power control pro- 
cedures that are the same as those described above 
are continuously performed. 

[0101] As described above, in the base station 71 of 
the present embodiment, the transmitter 3 transmits the 
multicast signal 4 to each of the mobile stations 81 
through the network, based on the transmission power 
that is property controlled by the transmission power 
controller 17. Therefore, the multicast signal transmis- 
sion power control method of the present embodiment 
is effective in reducing the transmission power of the 
base station 71 to transmit the multicast signal to the 
mobile stations 81 without changing the grades of serv- 
ice of the mobile stations 81 which receive the multicast 
signal and without causing the interference of the trans- 
mission power of the base station 1 1 to the mobile sta- 
tions 81 which do not receive the multicast signal. 
[0102] In the above-described embodiment of FIG. 6, 
the base station controls the transmission power of the 
multicast signal based on whether the ARQ signal 
(NAK) from the mobile station is received at the base 
station or not. In the present embodiment, the signal 
counter unit 73, which counts the number of ARQ sig- 
nals received from the mobile stations at the receiver 
12, is not necessarily needed in the base station 71. 
Hence, in the present embodiment, the signal counter 
unit 73 in the base station 71 may be omitted if a meas- 
urement unit, which detects whether the ARQ signal 



(NAK) from the mobile station is received at the base 
station, is provided in the base station 71 . 
[0103] Alternatively, in the multicast signal transmis- 
sion system of the present invention, another signal 

5 counter unit, which detects whether a ratio of the 
number of the received ARQ signals to the total number 
of the mobile stations exceeds a predetermined ratio, 
may be provided in the base station. In such alternative 
embodiment, the base station controls the transmission 

10 power of the multicast signal depending on whether the 
ratio of the number of the received ARQ signals to the 
total number of the mobile stations exceeds the prede- 
termined ratio. 

[0104] FIG. 7 shows a fifth preferred embodiment of 
15 the multicast signal transmission system in which the 
transmission power control method of the invention is 
embodied. 

[0105] In FIG. 7, the elements that are essentially the 
same as corresponding elements in FIG. 1 are desig- 
20 nated by the same reference numerals, and a descrip- 
tion thereof will be omitted. 

[0106] In the present embodiment, when an error in 
demodulation of the received multicast signal is detect- 
ed, each of the mobile stations transmits an ARQ signal 
25 to the base station, and the transmission power of the 
multicast signal of the base station with respect to each 
mobile station is controlled depending on whether the 
ratio of the received ARQ signals to the total number of 
the mobile stations exceeds a predetermined ratio. Fur- 
30 ther, in the present embodiment, when no error in de- 
modulation of the received multicast signal is detected, 
each of the mobile stations transmits an acknowledge 
(ACK) signal to the base station, in order to confirm that 
the multicast signal from the base station is received at 
35 the mobile station without error. 

[0107] As shown in FIG. 7, in the multicast signal 
transmission system of the present embodiment, a base 
station 91 is provided, and the base station 91 transmits 
the multicast signal 4 to a plurality of mobile stations 1 01 
40 through the mobile radio link. The plurality of mobile sta- 
tions 101 are provided in the multicast signal transmis- 
sion system, and each mobile station 101 receives the 
multicast signal 4 from the base station 91 . 
[0108] For the sake of simplicity of description, only 
45 one mobile station 101 is shown in FIG. 7, and the re- 
maining mobile stations 1 01 , which receive the multicast 
signal 4 from the base station 91 , are omitted. 
[0109] In the base station 91 shown in FIG. 7, the re- 
ceiver (RX) 12, an ARQ signal counter unit (PC) 93, the 
50 transmitter (TX) 3, and the transmission power control- 
ler 17 are provided. The signal counter unit 93 counts 
the number of ARQ signals received from the mobile 
stations 101 and the number of ACK signals received 
from the mobile stations 1 01 . The signal counter unit 93 
55 detects whether the ratio of the number of the received 
ARQ signals to the total number of the mobile stations 
101 (the sum of the number of the received ARQ signals 
and the number of the received ACK signals) exceeds 
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a predetermined ratio. As described later, the transmis- 
sion power controller 1 7 controls the transmission pow- 
er of the multicast signal 4, sent to each of the mobile 
stations 1 01 , based on a result of the ARQ ratio detec- 
tion indicated by an output signal of the signal counter 
unit 93. 

[01 10] In the base station 91 , the original message of 
the multicast signal 4 is supplied from the input terminal 
2, and it is input to the transmitter (TX) 3. In the trans- 
mitter 3, the carrier wave is modulated in accordance 
with the original message from the input terminal 2, so 
that the multicast signal 4 is produced. In the transmis- 
sion power controller 1 7, the transmission power of the 
multicast signal 4, sent to each of the mobile stations 
101 , is controlled based on the result of the ARQ ratio 
detection indicated by the output signal of the signal 
counter unit 93. After the modulation is performed, the 
transmitter 3 transmits the multicast signal 4 to each of 
the mobile stations 101 through the network, based on 
the controlled transmission power of the transmission 
power controller 1 7. 

[0111] In the mobile station 101 , the receiver (RX) 6, 
an error detection/automatic repeat request (ED/ARQ) 
unit 1 02 and the transmitter (TX) 23 are provided. In the 
present embodiment, the ED/ARQ unit 102 detects 
whether an error in demodulation of the received multi- 
cast signal 4 takes place. The detection of such error in 
' the demodulation of the received multicast signal 4 is 
performed by the ED/ARQ unit 1 02 on a block basis with 
respect to the received multicast signal 4. When an error 
An the demodulation of a certain block of the received 
multicast signal is detected, the ED/ARQ unit 102 sup- 
plies an ARQ signal 1 04 (e.g., a negative-acknowledge 
(NAK) signal), indicating the presence of a demodula- 
tion error and a request for retransmission of the error- 
detected block of the multicast signal to the mobile sta- 
tion 101 , to the transmitter 23. When no error in the de- 
modulation of a certain block of the received multicast 
signal is detected, the ED/ARQ unit 102 supplies an 
ACK signal 1 05, indicating the absence of a demodula- 
tion error, to the transmitter 23. After the modulation of 
the ARQ signal 1 04 or the ACK signal 1 05 is performed, 
the transmitter 23 transmits either the ARQ signal 1 04 
or the ACK signal 105, to the base station 91 through 
the uplink 32 of the radio link. 

[0112] Similar to the communication system of FIG. 
8, in the mobile station 101 shown in FIG. 7, the multi- 
cast signal 4 from the base station 91 is received at the 
receiver (RX) 6. After the demodulation of the received 
multicast signal is performed, the receiver 6 supplies the 
demodulated multicast signal to the output terminal 7, 
and it is supplied from the output terminal 7 to internal 
units of the mobile station 1 01 . 

[0113] In the base station 91 of the multicast signal 
transmission system of FIG. 7, the receiver 12 receives 
the ARQ signals and the ACK signals from the plurality 
of mobile stations 1 01 through the uplink 32 of the radio 
link. After the demodulation of the received ARQ/ACK 



signals is performed, the receiver 12 supplies the ARQ/ 
ACK signals of the mobile stations 101 to the signal 
counter unit 93. At the same time, the ARQ/ACK signals 
of the mobile stations 101 are supplied from an output 

s terminal 95 into internal units of the base station 91 . 
When the ARQ signal of one of the mobile stations 1 01 
is received, the base station 91 transmits again the er- 
ror-detected block of the multicast signal to the mobile 
station 101 (this is not shown in FIG. 7). 

io [0114] In the base station 71 of the present embodi- 
ment, the signal counter unit 73 temporarily stores the 
ARQ signals sent by the receiver 12, and counts the 
number of the stored ARQ signals at intervals of a pre- 
determined time. At the same time, the signal counter 

is unit 73 temporarily stores the ACK signals sent by the 
receiver 12, and counts the number of the stored ACK 
signals at intervals of the predetermined time. 
[0115] In the base station 91 of the multicast signal 
transmission system of FIG. 7, the signal counter unit 

20 73 calculates a ratio of the number of the received ARQ 
signals to the sum of the number of the received ARQ 
signals and the number of the received ACK signals. 
The sum of the ARQ-signal number and the ACK-signal 
number is equal to the total number of the mobile sta- 

25 tions 101. Then, when the ratio of the ARQ-signal 
number to the total number of the mobile stations 101 
exceeds the predetermined ratio, the signal counter unit 
93 outputs a first power control signal to the transmis- 
sion power controller 17 so as to increase the current 

30 transmission power of the multicast signal 4. On the oth- 
er hand, when the ratio of the ARQ-signal number to the 
total number of the mobile stations 1 01 does not exceed 
the predetermined ratio, the signal counter unit 93 out- 
puts a second power control signal to the transmission 

35 power controller 1 7 so as to decrease the current trans- 
mission power of the multicast signal 4. 
[01 16] In the present embodiment, the amount of the 
transmission power that is changed (increased or de- 
creased) from the current transmission power to a new 

40 transmission power is predetermined. 

[0117] In the base station 91 of the present embodi- 
ment, the transmission power controller 17 controls the 
transmission power of the multicast signal 4 based on 
the power control signal sent by the signal counter unit 

45 93. The above-described control procedure is repeated- 
ly performed by the multicast signal transmission sys- 
tem of the present embodiment during the transmission 
of the multicast signal 4. 

[0118] In the above-described embodiment, the sig- 
50 nal counter unit 73 calculates a ratio of the number of 
the received ARQ signals to the sum of the number of 
the received ARQ signals and the number of the re- 
ceived ACK signals. Alternatively, the signal counter unit 
73 may calculate a ratio of the number of the received 
55 ACK signals to the sum of the number of the received 
ARQ signals and the number of the received ACK sig- 
nals. In such alternative embodiment, when the ratio of 
the ACK-signal number to the total number of the mobile 
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stations 101 exceeds a predetermined ratio, the signal 
counter unit 93 outputs a first power control signal to the 
transmission power controller 1 7 so as to decrease the 
current transmission power of the multicast signal 4. On 
the other hand, when the ratio of the ACK-signal number 
to the total number of the mobile stations 1 01 does not 
exceed the predetermined ratio, the signal counter unit 
93 outputs a second power control signal to the trans- 
mission power controller 1 7 so as to increase the current 
transmission power of the multicast signal 4. 
[0119] The present invention is not limited to the 
above-described embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 

[0120] Further, the present invention is based on Jap- 
anese priority application No.2000-1 05231, filed on 
April 6, 2000, and Japanese priority application No. 
2000-105232, filed on April 6, 2000, the entire contents 
of which are hereby incorporated by reference. 



Claims 

1. A method of controlling a transmission power of a 
multicast signal that is transmitted from a base sta- 
tion to a plurality of mobile stations through a radio 
link, comprising the steps of: 

measuring a value of a received signal quality 
parameter of a multicast signal received at the 
mobile stations; 

transmitting a parameter signal, indicating the 
received signal quality parameter value, from 
the mobile stations to the base station through 
the radio link; 

receiving the parameter signals from the mobile 
stations at the base station through the radio 
link; 

determining a power control value of each of 
the mobile stations based on the received sig- 
nal quality parameter values of the parameter 
signals received at the base station; and 
controlling the transmission power of the multi- 
cast signal, sent to each of the mobile stations, 
based on the determined power control value. 

2. The method according to claim 1 , wherein, in said 
determining step, a minimum value of the received 
signal quality parameter values of the received pa- 
rameter signals is determined as being the power 
control value. 

3. The method according to claim 1 , wherein, in said 
determining step, the received signal quality param- 
eter values are rearranged into a sequence of the 
parameter values in a predetermined order, and 
one of the parameter values in the rearranged se- 
quence that corresponds to a predetermined ratio 



15 



25 



of the entire mobile stations is determined as being 
the power control value. 

4. The method according to claim 1 , wherein a recep- 
5 tion power of the received multicast signal is meas- 
ured as being the value of the received signal qual- 
ity parameter in said measuring step. 

5. The method according to claim 1 , wherein, in said 
10 measuring step, a carrier-to-cochannel interference 

C/l ratio of the received multicast signal is meas- 
ured, and a difference between the measured C/l 
ratio and a reference C/l ratio is measured as being 
the value of the received signal quality parameter. 

i. The method according to claim 1 , wherein one of a 
bit error ratio, a packet error ratio and a slot error 
ratio of the received multicast signal is measured 
as being the value of the received signal quality pa- 
20 rameter in said measuring step. 

7. The method according to claim 1 , wherein one of 
an error-correction-bit number and a maximum like- 
lihood value, obtained by decoding of the received 
multicast signal, is measured as being the value of 
the received signal quality parameter in said meas- 
uring step. 

8. A base station which controls a transmission power 
30 of a multicast signal that is transmitted to a plurality 

of mobile stations through a radio link, comprising: 

a receiver receiving parameter signals from the 
mobile stations through the radio link, each pa- 

35 rameter signal indicating a value of a received 

signal quality parameter of the multicast signal 
received at one of the mobile station; 
a determination unit determining a power con- 
trol value of each of the mobile stations based 

40 on the received signal quality parameter values 

of the parameter signals received by the receiv- 
er; and 

a transmission power controller controlling the 
transmission power of the multicast signal, sent 
45 to each of the mobile stations, based on the de- 

termined power control value. 

9. The base station according to claim 8, wherein the 
determination unit determines a minimum value of 

so the received signal quality parameter values of the 
received parameter signals as being the powercon- 
trol value. 

10. The base station according to claim 8, wherein the 
55 determination unit rearranges the received signal 

quality parameter values into a sequence of the pa- 
rameter values having a predetermined order, and 
determines one of the parameter values in the re- 
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arranged sequence that corresponds to a predeter- 
mined ratio of the entire mobile stations as being 
the power control value. 

11. The base station according to claim 8, wherein each 5 
of the mobile stations measures a reception power 

of the received multicast signal as being the value 
of the received signal quality parameter. 

12. The base station according to claim 8, wherein each io 
of the mobile stations measures a carrier-to-co- 
channel interference C/l ratio of the received multi- 
cast signal, and measures a difference between the 
measured C/l ratio and a reference C/l ratio as be- 
ing the value of the received signal quality param- *s 
eter. 

1 3. The base station according to claim 8, wherein each 
of the mobile stations measures one of a bit error 
ratio, a packet error ratio and a slot error ratio of the 20 
received multicast signal as being the value of the 
received signal quality parameter. 

14. The base station according to claim 8, wherein each 

of the mobile stations measures one of an error-cor- 25 
rection-bit number and a maximum likelihood value, 
obtained by decoding of the received multicast sig- 
nal, as being the value of the received signal quality 
parameter. 

30 

15. A method of controlling a transmission power of a 
multicast signal that is transmitted from a base sta- 
tion to a plurality of mobile stations through a radio 
link, comprising the steps of: 

35 

transmitting the multicast signal to the mobile 
stations through the radio link; 
receiving an automatic repeat request ARQ sig- 
nal from each of the mobile stations at the base 
station through the radio link, wherein each of *o 
the mobile stations transmits the ARQ signal to 
the base station when an error in demodulation 
of a received multicast signal occurs; 
detecting whether at least one of a plurality of 
ARQ signals from the mobile stations is re- 
ceived at the base station; 
outputting a power control signal indicating a 
result of the ARQ-signal detection; and 
controlling the transmission power of the multi- 
cast signal, sent to each of the mobile stations, 50 
based on the ARQ-signal detection result indi- 
cated by the power control signal. 

16. The method according to claim 1 5, wherein, in said 
controlling step, the transmission power of the mul- 55 
ticast signal is increased when at least one of the 
ARQ signals is received at the base station , and the 
transmission power of the multicast signal is de- 



creased when none of the ARQ signals is received 
at the base station. 

17. The method according to claim 1 5, wherein, in said 
detecting step, it is detected whether a ratio of the 
number of the received ARQ signals to the number 
of the mobile stations exceeds a predetermined ra- 
tio, and, in said controlling step, the transmission 
power of the multicast signal is increased when the 
ratio of the ARQ-signal number exceeds the prede- 
termined ratio, and the transmission power of the 
multicast signal is decreased when the ratio of the 
ARQ-signal number does not exceed the predeter- 
mined ratio. 

18. A base station which controls a transmission power 
of a multicast signal that is transmitted to a plurality 
of mobile stations through a radio link, comprising: 

a transmitter transmitting the multicast signal to 
the mobile stations through the radio link; 
a receiver receiving an automatic repeat re- 
quest ARQ signal from each of the mobile sta- 
tions through the radio link, wherein each of the 
mobile stations transmits the ARQ signal to the 
base station when an error in demodulation of 
a received multicast signal occurs; 
a signal counter unit detecting whether at least 
one of a plurality of ARQ signals from the mo- 
bile stations is received by the receiver, and 
outputting a power control signal indicating a 
result of the ARQ-signal detection; and 
a transmission power controller controlling the 
transmission power of the multicast signal, sent 
to each of the mobile stations, based on the 
ARQ-signal detection result indicated by the 
power control signal of the signal counter unit. 

1 9. The base station according to claim 1 8, wherein the 
transmission power controller is configured to in- 
crease the transmission power of the multicast sig- 
nal when at least one of the ARQ signals is received 
by the receiver and to decrease the transmission 
power of the multicast signal when none of the ARQ 
signals is received by the receiver. 

20. The base station according to claim 1 8, wherein the 
signal counter unit is configured to detect whether 
a ratio of the number of the received ARQ signals 
to the number of the mobile stations exceeds a pre- 
determined ratio, and wherein the transmission 
power controller is configured to increase the trans- 
mission power of the multicast signal when the ratio 
of the ARQ-signal number exceeds the predeter- 
mined ratio, and to decrease the transmission pow- 
er of the multicast signal when the ratio of the ARQ- 
signal number does not exceed the predetermined 
ratio. 
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